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Process for the preparation of [methjacrylate di-ammonium salts and their use as 
monomers for the synthesis of polymers 

5 The invention relates to the preparation of tmethjaciylate di-ammonium salts of 

higji purity and their use as monomers for the synthesis of polymers useful as catlonic 
flocculants in water treatment. 

(Methjacrylate ammonium salts and their use as monomers for the synthesis of 
polymers useful as flocculants have been described in WO 01/55088, WO 01/55225 
1 0 and US2002 /0035198. In these publications the {methjacrylate ammonium salts are 
synthesised by the reaction of the corresponding di-amine (methjacrylate with less 
than 2 equivalents of an alkyl or a benzylhalide in chloroform and in water. These 
processes yield aqueous solutions of a mixture of a (methjacrylate di-ammonlum salt 
and a mono-amino (methjacrylate mono-ammonium salt. These processes do not 
1 5 permit to isolate tmethjaciylate di-ammonium salts with a high purity. It is also 

. almost impossible to purify the obtained mixtures. When used as monomers in the 
synthesis of polymers, these polymers will inevitably contain a significant amount of 
units derived from the mono-ammonium salts. In order tto be useful as starting 
material for the production of high molecular weight polymers and copolymers for 
20 floceulation, the di- ammonium salts need to be very pure. 

The present invention now provides a process for the manufacture of 
tmethjaciylate di-ammonium salts that overcomes the above-mentioned problems. 

The present invention therefore relates to a process for the manufacture of a 
(methjacrylate di-ammonium salt of formula (I) 




(i) 

25 wherein R 1 represents hydrogen or methyl, each R^tadependently, represents an 
alley! comprising from 1 to 4 carbon atoms, each R 3 . Independently, represents an 
alkyl or an araDsyl and each X" , independently, represents an anion, comprising 
(a) the reaction of the di-amino-(methJacrylate of formula (IIJ 
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„ ™- ra «ic-solvent containing at most 5000 ppm of water and where*! the dt 
1^ f J^has asohrbiUty at25 -C oflessfhan 1 g/lOOgof^t 
aTwhteln ihe solubility of <he corresponding an.ino-^acrylate ammonhnn .alt 



of formula (V) 



B 1 9 



H 2 c=:c ^ / CH — N \ 



00 



10 



15 



20 



ha e asoh 1 bilit 3 rat25»Cofatleast20g/100gofsolv e nt;and ^ 

„ the separation of the dl-enm.oninm salt of formula D from the reaction mature 

without dissolving it to. water- 

The term W- as used herein, is defined as including saturated, monovalent 
hydrocarbon radicals having straight, branched or cyclic moiehes or combinations 

^7term -arattyl". as used herein, is defined as a radical of formula -[CH^-aryl 
serein n is an integer from 1 to 4 and aryl means any aromatic hydrocarbon having 
6 to 24 carbon ring atoms that may be monocyclic or annealed. 
m this specification the term 'Unethlacrylate" means "acrylate" as well as 

'^rTeprocess according to the present mvention, the organic ^usedm 
ste n fal nreferably contains at most 1000 ppxn of water. The organic solvent used to 

solubility at 25'C of less than 0.5 g/100 g of solvent. 
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In the process according to the present invention, the solvent used in step (a) is 
usually an aprotic dipolar solvent; preferably acetone, methylethylketone, ethylacetaie. 
nitromethane, acetonitxlle or mixtures thereof. Particularly preferred is acetonitrile. 

In the process according to the invention, step (a) is preferably carried out at a 
5 temperature ranging from 40 to 100 °C, most preferably from 70 to 90 °C. The process 
is preferably conducted at autogenic pressure in a closed reactor. 

In the process according to the invention, step (a) is advantageously conducted 
with, a molar ratio of the alkyl or aralkyl compound of formula R?X to the di-amino- 
(methjactylate of formula (II) higher than 2, most preferably of at least 2. 1 . Hie molar 
1 0 ratio preferably does not exceed 4.5. most preferably it does not exceed 3. 

Hie duration of step (a) is generally from 1 to 100 hours, preferably from 10 to 
30 hours. 

The separation of the (meth)acrylate di-ammonium salt of formula 0) in step (b) 
of title process according to the invention may be carried out by any means suitable 
1 5 therefore. It is advantageously done by the filtration of the reaction mixture. 

In an embodiment of the process according to the invention, the excess of alkyl 

or aralkyl derivative of formula R$X used in step* (a) is separated from the reaction 
mixture, for example by stripping, before 'effectuating the separation in step fb). 

The process according to the invention can be done as batch or continuously. 

20 In the latter case, the tmethjacrylate di-ammonium salt of formula (0 frvmied during 
step (a) can be separated from the reaction mixture continuously, for example by 
filtration, decantation or any other mean suitable therefore, and the reaction mixture 
can then be recycled and used as solvent In a subsequent reaction step (a). 

According to another preferred embodiment of the process, the reaction 

25 mixture obtained after step (b) is recycled.. In this embodiment, it is particularly 

preferred that the reaction mixture obtained after step (a) is filtered in step fb) in order 
to separate the fanethlacrylate di-ammonium salt of formula CD already formed and to 
recycle the filtrate in a subsequent step (a) in order to continue the reaction. This 
recycling operation can be repeated several times. The recycling of the filtrate permits 

30 to increase even more the yield and the purity of the (methjacrylate di-ammonium salt 
of formula (D. 

In a variant of the process according to the invention, both embodiments are 
combined. 

« 

The di-apiino (meth)acryla±e of formula CH) used in step (a) of the process 
35 according to the invention can be obtained by any process suitable therefore. It is 

preferably obtained by the transesterification of a 1.3-di-amino-2-propanol of formula 

an) 
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HO— QH 



CH?" — N 



CHs — N, 



(Ul) 



wherein each B 2 . Independently, represent 
atoms, with a frnethjacryiate formula (jvp 



i 

4 an alkyl comprising from 1 to 4 carbon 




la u^.nt pun*. M^-r. «« -fen -co««y «r conduct 

. di . JL^ae^ of ^ (» «— — of a LMM— «■ 
propanol of formula OH) 

P 2 




>i+-nci/ra/9nm ra:9fl 
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herein each R 2 . independently, represent^ an alkyl comprising from 1 to 4 carbon 
atoms, -with a tmetbjacrylate of formula (TV! 



10 



15 



20 



h 2 c: 



R 
I 

X— 
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(IV) 

wherein R 4 represents an aDsyl comprising from L to 4 carbon atoms, In the presence 
of a lithium-based catalyst. 

In this process for the manufacture m a di-amino-GmettoJacrylate of formula (H), 
the lithium based catalyst is preferably du 3sen & om lithium oxide ff^O), lithium 
hydroxide (LiOH), lithium carbonate DLi2C0 3 ), lithiumalkoxldes such as 
methoxylithium (LiOCH 3 ), tertlobutoxylithium [UOtBu], the lithium salt of a 1,3- 

dialkyl axnino-2~propanol corresponding txi formula 011), lithium citrate. Uthium 
chloride CLiCD, I4-stearate tLiCi8H 35 02)* LiCloi Li 2 S0 4 , "OA* UOOCFh and/or 
fithium bromide (UBr) and their mixtures, Especially preferred are lithiumoxide, 
littriumhydiroride and Uthlumalkoxides. .especially lithium methoodde, and their 
mixtures. 

In this transesteriflcation process, t] ie lithium-based catalyst is generally used in 
an amount of 1 to 20, preferably in an arc punt of 4 to 10, equivalents of Id per mole of 
1 , 3-di-amlno-2-propariol of formula (Jill. 

In this transesterificatton process, t ie temperature is preferably not exceeding 
120 °C, more preferably the temperature i & lowep than 1 10 °C. The transesterificatton 
is advantageously carried out at a temperature of at least 80 °C. 

The transesterificatton process is ge nerally/ conducted at a pressure adapted to 
the desired reaction temperature, 

- The transesterification process is preferablv carried out in the presence of from 
500 to 3000 ppm (relative to the total wei ^ht of reaction mfcrture) of at least one 
25 stabiliser, preferably selected from radica i inhibitors such as quinones, 

hydroquinones, phenothiazine, tris(ncmylphenyBphosphite. Preferred stabilisers are 
' methyl ether of hydroquinone, phenothiazine, tisistnonylphenyl)phosphite, N,W- 
diphenyl-1 ,4-phenylenediamine. emylenediaxxiinetetraacetic acid and their mixtures. 
The transesterUicatLon process is generally carried out^vith a (methlacrylate of 
30 formula (TV) to 1 : ,3-di-ainino-2-propanol of formula OH) molar ratio of from 1 to 10, 



preferably from 3 to 6. 
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The transesterification process is preferably conducted by introducing 
progressively the di-aroine of formula pi) to the reaction mixture containing the 
catalyst and the (rnethjacrylate of formula'lpO so that the formation of side-products is 
even more reduced. '* 
5 (Meth)acrylates of formula [IV) where jci R* is methyl or ethyl, especially methyl. 

are preferred. *\ « 

The di-amine (me*h)acrylates ; of formula (TO obtained after the transesterification 

reaction are preferably Isolated from the r&ction'mix±ure by distillation, more 

preferably under vacuum, and most preferably after removal of the lithium-based 

1 0 catalyst, for example by filtration and/ or adsorption on silica. 

The di-amino-(meth)actylates of formula .(TO are preferably stabilised by the 

addition thereto of less than 500 ppm of one or more stabilisers as described here 

above. • i j 

In the process according to .the lnvention,;;compounds of formula CO. (HI and [IV) 

1 5 wherein R 1 is methyl axe esp e cially prefer|ed. '{ 

In the process according to/the invention. ■ compounds of formula U)> (JO and ffll) 

wherein R^ is methyl are especially preferred- ' I 

In the process according to* the invention? (methjacxylate di-ammonium salts of 
formula CD wherein each R?, independently, is an alkyl comprising from 1 to 4 carbon 
20 atoms or benzyl, are preferred. Most preferred: are compounds -whereto each R 3 , 



independently, is methyl or benzyl; especially methyl. (Methjajcrylate di-ammonium 

salts of formula (I) wherein both Rp are the same are preferred. 

In the process according to the in^entlorij {meth)acrylate di-ammonium salts of 

formula (I) wherein each X, independentty, is. ad anion selected from halides, 
25 especially chloride and bromide, and methylsulfonates are preferred. Especially 

preferred is chloride. i, j 'j 

The process according to the invention permits to obtain a high yield of the 

desired (meth)acrylate di-ammonium salti of formula (I). Yields of at least 90. even 99. 

% can be obtained, resulting in 99+ pure jfrneth^aciylate di-ammonium salts or formula 
30 (X). 

such as alkylhalogcnldes, alcohol* and adds that could disturb further polymerisation 



Almost no side products are formed: In the fjnal product the amount of impurities 
ch as alkylhalogcnldes, alcohol* and acids that could disturb further polymerisation 
of the product, are very low. The quantity! of amtao-(meth)acrylate ammonium salt of 



formula IV) (relative to the amount of di-ammonium salt of formula CD) in the final 
product is very low, usually less titan 10. (mole $Q y preferably less than 5 mole %. or 
35 even less than 1 mole %. | i -j ' jj 

Moreover, the process permits to obtain phe products in pure solid form. In this form 
the products show tuffi stability arid caJ be stored for long periods without 

" ;i 
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decomposition. Once the solid product is is ilatedlaqueous solutions and formulations 
with other monomers can be made as requj ted fcJthe envisaged application. 



jrelates to (meth) acrylate di- ammonium 



salts of formula (I) comprising less than 10 mole % Crelariro to the amount of 



5 [metW acrylate di-ammonium salt o: 



i 



formulji ID) olthe corresponding amino- 

quantity of airrino-(meth)aciylate mono- 



inolfe %> most preferably less than 1 mole%. 



Uneth)aciylate mono-salt of formula [V)> TB 
salt of formula (V) is preferably lessi 'than 3 

When used for the manufacture of j tolym^rs It is preferred to use products as 
pure as possible so that the naturej Lf the { Llymer obtained can be controlled, and also 
to avoid the presence of impurities jtjhat caS dishlb the polymerisation. It has been 
found that the bnethjaaylate di-amLoniu!m saltJ according to the present invention 
satisfy these requirements. The present ir^en1tor|l therefore also relates to the use of 
ftnethlacrylate di-ammontum salts jaccording to invention for the manufacture of 
polymers comprising less than 10 rnoie %lfore^Ably less than 5 mole %, 
preferably less than 1 mole%) ofui^ *«JL* frrL a « am ^o- fmettacrvla 
ammonium salt of formula IV) and 



i from an amino- (metjacrylate 
i the polymers which can thereby be obtained. 



The present invention therdfo^ 
monomer composition comprising, 
(a) from 1 to 100 parts, preferably from 2 




10<lj parts {by moles. 



to a polymer obtained from a 



20 Unethlacrylate di-ammonium salt of foiWla fl) according to the present invention. 



(b) from 0 to 99 parts, preferably 1 
acrylamide monomer of formula I 



25 




l b98 



30 



35 
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70 parts, by moles of at least one 



3 ijarts, by moles of at least one 



wherein R 5 is hydrogen or methyl!] R 6 an L R^iajjp. independently, hydrogen, alkyi 
comprising from 1 to 6 carbon atoms, ojj* LonaJOj! substituted by one or more hydroxy 
or alkoasy groups : i - j j ? || • 

and less than 10 mole % relative %i > the a fount bf hneth)actylate di-ammonlum salt of 
formula tt) » of atnino-(meth] acryla be ami pmun| salt of formula (V), 

The acrylamide monomer c f form Ja tyljjps preferably acrylamide. 
The polymers according to] the im |ntion|may further comprise : 
[c) from 0 to 60 parts by moles of ,at least bnej water-soluble monomer which is 
potentially anionic by varying ttieipH, an| i whicli is preferably chosen from 
ethylenically unsaturated carboxyLLc adt k andjsalts thereof and ethylenically 
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^saturated 5 ulphonated monomers and Jilts WUf [such as acrylic add. 2- 
^la^do-2-methyWanesulfoni}: addend Uks thereof); 
^d^firam 0 to 90 parts by moles of ati least jjn.e <|iljonic ■water-soluble moncaDfir of 
formula (Vn) 



H 2 c: 



I 



O 

J- 



(VII) 



wherein R 8 is hydrogen or methyl,.A is 




10 



_J! or ijlk-. B is -CH2-CH2-. -CH2-CH2-CH2- 

or _CH 2 -CHOH-CH2- * 9 ^ * 10 4*P jt* 311 1 10 

16 carbon atoms, 1 is hydrogenbr' an JLl UL^ng from l to 16 carbon atoms, 

'■ [xni^a^^midopTupyltx^thylBinsnoni^ and 

les); 



and Y is a monovalent anion (suchL, v — \\T""J 
(meth)acryloyl-oxyethylh^ ha] 



e thjac^loy>oxyethyltiinietliylan^cmnim na™,. 

fromOto 10 parts by moles of at least [Bneh^xophobic monomer, preferably 



15 



20 



chosen from alk>rl(mcth)acrylates ahd vtay 
butylacrylate. styrene). and/or -J . |j 
(f) ficm 0 to 30 parts by moles of ai least I 
Cb). (c) and (d), preferably chosen fijom po|ethi 
po^yethoxylated Unethjacrylates containing hyr 
vmylpyrrohdone. ! | i , 

The polymers according to the invention^-, 
more preferably less than 1 mole ^. ' jrelaiwe tA the 



Ltic monomers [such as ethylaciylate, 

:er-soluble monomer other than (a), 
lated Imethjacryiates, . 
ihobic units or aiyl units and N- 



>ly contain less than 5 mole %, 
amount in moles of (jnethjacrylate 



dl-ammomum salt of formula 0). of smm|ibnet^acrylate ammonium salt of formula 



[V). 



25 



l salts according to the invention, 
tit can be obtained, for example by 
persed media (emulsion and 

l polymers axe inverse emulsion 



30 



Based, on the tmetfcjacrylate co- 
polymers and copolymers of high moleci 
solution polymerisation or polymerisatic 
suspension). Preferred ways for : 



suspension), treien^u — nj — ~r il. 

and suspension polymerisation prices J ^iW> macroemulsion potymensahox, 
high molecular weight catiouic acrylWdj|-ba^ co- and terpolymers w«h different 
charges can toe obtained. j j |j I | 

K was found that the polymerisation rateJW 4e (methlacrylate di-ammonium salts 
according to the invention was quite h^and f* practically no residual cationic 
monomers were detected after 3 hours oljjpolvnkiaatinx, The acrylates were more 
reactive compared to the methacrylates. Abe ^Jiymerisations proceeded smoothly with 

i i 1 it! ' 

good temperature control. , • j|J 

i 1 



i 
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The obtained polymers have a high moleci 
7.000.Q00g/mol (based on intrinslcjvisco' 
25°C) 

The emulsions obtained had a high 
• free of coagulum. 1 . I | 

It was found that more than 90 % df the tak< 
polymer. j • 

The polymers according to the 
different purposes, and in general for 
required. They can be used in iou-exi 
products, in cosmetics, as fabric softener 
oil field chemicals, in dispersants or as 



15 



20 



25 



30 




35 




' wr. 



rtionWre therefore very useful for 

a bueous solid-liquid separations are 

h 

resins, for coatings, in personal care 

Le. as coagulant, as dye fixative. In 
_ They can also be used for fine 
retention In paper making, as flocculants, in the* purification of municipal and 
industrial waste waters, in mines, quarrfe j and c rilling muds, in the assisted recovery 
of petroleum and in drinking water! treatment, aqf stabilisers for emulsion 
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it. generally at least 

in0,5mol/lNaClal 

active material (40 wt%) and were 

the bakonic I nonomers were accessible in the 



polymerisation and in pharmaceuticals, *! 

Hie polymers according to the fbc 

\ l \ 

flocculants. especially for the treatment pj 
present invention also relates to the use] 



following examples: 



fiocculant. 

Hie invention is further iriustratfce 1 by 
The following abbreviations are used : 
AM: acrylic acid methylester ! , 
MAM: methacrylic add methylester 
MeOH : methanol 
MeCli methylchloride 
BzCl: benzylchloride 

BDMAP: 1.3-bis(c3Umetlrylamtoo)-2-Rro5alnol 
BDMAPA: l,3-bis(dimethylamlno)-2 
BDMAPMA: 1.3-bis(dimettrylaxnii^}-2-p 

I ! IN ill 

BDMAPA-2MeCl: l,3-bis(txtaediylair^ acrylate chloride 




showed good results when used as 
and municipal waste water. The 
ier according to the invention as 




BDMAPMA2MeCl : 1.3-bis(trimeth; 
BDMAPA, MeCl: l-(dimethylamino|~3-( 
BDMAPMA-MeCl: l-ldimethylanrino)-3-t 
chloride j ' j 

BDMAPA2BZC1: l,3-bisfcenzyl<r 1 ^ " 
BDMAPMA2BzCl : 1.3-bis(benzyiaimi 
BDMAPABzCL l-(dimethylamino)f-3 
chloride 
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[-2-propyl methacrylate chloride 

ionium)- 2-propyl acrylate chloride 
>nium)- 2-propyi methacrylate 



2-propyl acrylate chloride 
ium) -2-propyl methacrylate chloride 
ithylammonium)- 2-propyl acrylate 
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chloride j jj \\ 

MBMQ: methyl ether of bydrcquinone \ 
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lylammoniuml- 2-propyl acrylate 



•a 



PXZ: phenotbiazlne 
XNpp : trisfaonjflphenyflphosfite 

BETiA : ethylenediaminetetraacetic acid > 
pBTO : dlbulyltinoxlde J' \ j; 



10 



sample 1 : Synthesis aJ purification 1 i^dlmethyWno^-propyl 



niethacrylate 

The transesterificatton reaction is pe 
(Sovirel), equipped with a stirrer, temperate pi 
column filled with 7 structured metal ,gau^ pad 
15 rate is controlled by a temperatureWtroIled ref 
condenser, on top of this column, the realtor is . 
moles). 1-4 g MBHQ. 1.4 g FIZ and 1.4 g'^IPP. '. 
-C). at atmospheric pressure and 35 g MAM con^ 
4.5 g dry UgP 10.15 moles) is addek'jlfce reactoi 
25 °C higher, compared to the reaction mature, j 
through a sintered metal diffuser. Dvpr a period j 



20 



sliced 1 



25 



30 



moles) arc introduced. The metoaijbljprodit 
a t78-94-Catareuuxratio5/l-lS/4 m|botal 
containing 97 g (3.03 moles) MeOljL The x^acttd 
temperature in the reactor reacheij ip8-l|o«T 
distilled to eliminate the last traces of MeOH. 
a Buchner filter covered with a thin layer of slli< 
catalyst. At this stage the con 
%. (determined by GC). MAM is 
temperature of 65 °C. by 
reaction mixture (663 g) Is . 
column containing 16 structured SS-pacfangs (! 
-31 g is obtained between 60-91.510 (kefluk ratir 



. n 

uSofBJ^MAP 

i '( 
aaved-hy disv 
..if 

i vacuum fro 



L&iLctior 



BDMAPMA to be recycled. Heart cut 518.;g ©.4, 
35 distilled at 91.5°C (reflux ratio 1/ 1); ihe l?f>ttc 

iio°c. \ \ ;; 

The collected product is stabilised with 50 ; 0ppi 
The distillation residue (102 g) stiU cpntaths ab 

i i . '! 

•i 



in a 3 litre jacketed glass reactor 
>e, air sparge and an adiabatic 
(Sulzertype DX)- Distillation 
set-up, with water-cooled 
iaded with 1950 g MAM ( 19-5 
mixture is heated to reflux 1 96 
traces of water are distilled off. 
Is heated with oil, at a temperature 
id 3 litres /hour air is sparged 
100 minutes 447 g BDMAF ( 3.06 
the transesterificatton is distilled of 
i5g MeOH/MAM is collected 
takes about 6 hours. Mass 
{the end. Part of the excess MAM is 
cooled reaction mixture is passed on 
(Merck Silicagel 60) to remove the 
98% and the yield of BDMAPMA 95 
iation at a maximum boiler 
20 up to 2 KPa. The obtained 
distillation set-up, equipped with a 
ilzer DX) at 0.5 kPa. A top fraction of 
p.0/11 containing BDMAP and 
Loles)(> 99.5% pure) BDMAPMA is 
lerature increases from 105°C till 



at 60 % BDMAPMA. 



ft 
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15 



20 



25 



Only the lithium containing catalys s 
Almost no or no reaction was obseryei L wh< 
or tin catalysts at temperatures belcnw 



5 occurred despite the addition of inhib tors 



Example 15 f Synthesis 

acxylate 

In the same equipment 
MEHQ, 1.4 g PTZ and I A g TOPP 
of water are removed by distillate 
U2O (0.15 moles) Is added. Over ajj 
introduced. The ethanol produced :l 
ethylacrylate at a temperature, be' 
column, maximum temperature in] 
mixture is cooled down and fill 



proof tojbe 
Jausin 



115 



mxlficatioxi 




i ! 
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good transesberification catalysts. 
1 1 sodium methylate. alkyltitanates 
fC.jAt iiigher temperatures polymerisation 



if 1 , 3-Bis(djJtnethylainirioJ -2-propyl 



i; 2©p0g[20moles)E^ylacrylatea-4g 

* c 

3 1/h.air sparge is installed. Traces 
ft icrylate at 80°C/75 KPa. 4.5 g dry 

eriod cif £ h!durs v 447 g BDMAP (3.06 moles ) are 

II i :[■ 

5 mojssVis^stUled off together with part of the 



|iuiei 
kefhyl 



s bofil 



66-80 ' 



/75 kPa at top of the distillation 



boiler reaches 102°C. After 11 hours the 
jver silica. Atjthls stage the conversion of BDMAP 
is 93 % and the yield of BDMAPA ijea :hes 87 % (c etennined by GC). 1.5 g DPPD is 
added, and ethylacrylate is distill©! c ff at ieducecl pressure (20 to 2 kPa). 750 g 
reaction mixture containing 530 gffil iMAE \ is dis tilled in the same fractional 
distillation set-up as described in IL mple 1. at 0 14 kPa. 
426.5 g (2.13 moles) >99 % pure 
80 °C, 



• Examples 16 to 17 and < 
The transestexlfication, de 
conditions and with a series of < 
Table 2: « 



obtained as heart cut at 0.4 KPa and 
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20 



21 



15 



20 



Ca- 

acetylacetonate 
2% 



DBTO Tegokat 
23 2% 



Methyl 



Ethyl 



6 



IPP 



("Mode C = Continuous addition of BDMAP 
nd : not determined 



25 



Examples 22-23 ; Siynthesjts of 1.3-Bis(< 
under pressure 

To obtain reaction temperatures above 1 
with BDMAP, such as described in ex ampl 2 15 
pressure. The results are shown in 7 able 3. The 
was constructed in 316 SS for these trials. 



B 



87/1351 



98/77 



wi 



pump. 
Table3 



22 



23 



Catalyst % 
weight on 
BDMAP 



u 2 o 

1% 



UOCH3 
1.5% 



Acryl 
ate 



AM 



AM 



Hours 
Mode 
feed* 
BDMAP 



5 C 



6 C 



(♦Mode C = Continuous addition of Bt>MAP ; Moc 




BDMlftP 
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; Modffi B a BDMAP is loaded batch-wiw) 




mino)-2-propyl acrylate 



JO °C, the transesterification of AM 
ih ethylaciylate, was repeated under 
Equipment described in example 1 
was added by means of a dosing 



sin 



103/135 



104/135 



nd 



nd 



Examples 24 to 28 : Reaction of BDMAPMA with methylchloride 

; .11 

The quaternization reaction s 24 to 28 s 
itoclave (Buchi AG), equipped with! a sti 



L bottom 



glass autoclave (Buchi AG), equippe 

pressure probe and equipped with a >r ^ 

In example 28, to 193 g (0.9 moles) BDm|pmA 
moles) methylchloride are added over a 



.stirrer, 



to 82 °C, the pressure rises to 2 bar. 
A white solid starts to precipitate.' Attcr 2& houiH s 
room temperature, the excess of Met 'lis i stripped 
over a pressure filter* After drying -with air and 
kPa), 285 g BDMAFMA.2MeCl are ot 
From this BDMAPMA. 2MeCl, aqueot is so] 
These solutions contain less than' 1( 0 



valvii 



d of 



1 pJriou. 



Conv. 
BDMAP 



92 



95 



Molar 
yield 

BDMAPM 
A 



53 



61 



Michael 

Addition 

Products 



25 



20 



s B = BDMAP is loaded batch-wize} 
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performed in a 2 litre, jacketed 
♦ plunger, temperature and 



800 g acetonitrfle. 115 g (2.27 

one hour. The mixture is heated up 

at 80-82°C the mixture is cooled to 
with nitrogen and the solid is filtered 
hours under reduced pressure (10 
ible 4). 

an be made up to 50% weight, 
e (GC lieadspace analysis). 
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conditions speeffied in Table 
Table 4 : 



5 




procedure, except that the reaction 



Example 29-31 : Reaction 



filtrate 



of BDMAFMA with methylchloride ami recycling the 



10 



The nuaternization reaction^ 29 fb 31 J Performed In a 10 litre, SS Hofer 
autoclave in the same reaction conditions?** H^ple 28. The nitrate is reused in the 
following reaction. 



Table 5 : 



nr 



TRecycle 



number 



29 



30 



31 



Aceto 
nitrile 

g 



Rec 1 



Rec2 



BDMAPMAlMeCl 



moles 



3923 



3,50 



3884 



4015 



3,50 



3;50 



Slurry 



8J7SI 



% •! 

solids 



21,1 



22 



React 
Kmc . 



(hours) 



72 



71 



22 



Powder 



weight 



Molar 
yield 

% 



1037 



• 1 
Qualei 



22'» 

T 
i 

! 



Examples 32 to 34 
15 methylchloride 

Comparable results were 



lemizationof 



23 



73K124 



1095 



1113 



Purity 

BDMAFMA. 

2MeCl 



90.2 
96.0 



98.6 



9S.0 



99.5 



99,6 



obtained fo: 



forth 



DMAP(M)A with benzylchlorlde or 



e benzylchlorlde / BDMAPMA : 
L ethylchloride/BDMAPA and ben^cWo^dfe/BIjjMAPA^actions in the 2 1 reactor 

: 2 



following the procedure of example 
The results are shown in Table 6 



20 



J ! 



•! I 
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1: 



nr 



Aceto 
nitrile 

g 



32 



33 



34 



R-Cl 



800 



MeCl 



1000 



1000 



Males 



(methjacry] 

ate !i ! 

» s 
mole? 

{:! 



BzCl 



BzCl 



1.72 



BDMAPA 1 • 



1.45 



1.45 



ft 
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Table 6 : Quatemlzation of BDMAPGVQA with benz achloride or methylchloride 



Shifty 



0.69 



BDMAPMA' 



0.56 



bdmafa 

0.56 • ; : 



solii 



L 



18 



20 .; 



•7 



20 



React 
time 

hours 



ed 



80 



8Q 




Comparative Examples 35 1 
For trials 35 and 36 the quaternization 

the procedure described In patent WO 01/55089. 

•with water to form a -50 % aqueous j&lutidn. 

Table 7 : Quaternization of BDMAP MCji. vrftl^ 

chloroform 



nr 



Chloro 
form 

e 



35 



36 



1234 



1414 



R-Cl 



Moles 



BD- 
MAPMA. 
moles 



MeCl 



3.50 



BzCl 



4.0 



Atf. 



1.75 



2.0 



50 : 

! ! 

:n 

J!3 



43 

■ , 

>: 



In our attempts to perform the qual 
partial hydrolysis was observed due'tc 
quaternizatlon of the second amine* 
solution could not be obtained andjitjis 
mixtures. * 
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realised In chloroform following 
The formed salts were extracted 

loride or methylchloride in 



React! 
'•time 

ft) 



50. 



52 



25 



25 



ternlzaribn 



Powder 
weight 



23 



205.0 



24 



24 



Molar 
Yield 



Purity 



97,7 



250.0 



245.0 



96,5 



96 



BDMAPA 

2MeCl 

99.5 



BDMAPMA. 
.2BzCl 
99.6 



BDMAPA. 

2BzCl 

99.1 



Press. 



kPa 



Molar 

Yield 

% 



300 



100 



Purity 



72.0 



84.7 



% 



BDMAPMA 
2MeCl 
75.4 



BDMAPMA 
ZBzCl 
89.5 



BDMAPMA 
.MeCl 
24.6 



BDMAPMA 
.BzCl 
10.5 



with MeCl or BzCl in aqueous solution, 
the [longer reaction time (12-24 hours) for the 



function. 



^ Furj| bisquatemteed products In 
ahfcost impossible to purify the obtained 
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Table 8 : Comparison of the imp 
monomer solutions in water 



wt% bis qtiatemized methacrylate 



10 



15 



20 



30 
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Example 37 : Inverse emiklslfen cd|o^m|isaUon of BDMAPMA.2MeCl and 

acrylamide M jl i 

!his procedure is typical Hw|he «* * copolymer emulsion with 40 

% active material, containing 25 W m>Ma^2MeCl 



E^ry&nlde dissolved in 182 g 
isolation of BDMAFMA^2MeCL 0.2 g 



1 were Jaded, lifter stirring for 30 minutes 0.7 g 



Mb. 



Preparation of the aqueous phase 
demlneralized water. 200 g of a 5( )% J. 
EDTA and 0.2 g potassium bromajte ~™ — 
lactic acid and 5 g adipic acid we^^ded |tpH=5 
Preparation of the oil phase : in a £j]|re SB bkak| equipped with mechanical stirrer 
240 g Draper M (Isoparaffinic solv^| Bwijn^b|. 18 g Montane 70 (Sorbitan mono 
isostearate. Scppic) and 4.6 g AOs I Q-10^6 pfolyoii^ sorbitol hexaoteate. 

Uniqema) were mixed. jj 

sferred ih 



The aqueous phase was trans 
mixture was emulsified for 30 secj 
Polymerisation : the resulting eim 
CEMCO reactor equipped with a s| 
The emulsion was continuously 



i 



oil phase under stirring. The 
rtim 1 



loqo r$jn using a homogenizer. 

iSatrokuced in a 1 litre explosion proof 

fln jor impeller, 
a nl|rogen flow {1.5 1/min) for 45 



25 minutes. At 40 °C a 0.5 g soludoi i M>.2 g U^bJ 2,4-dimethylvaleronitole) catalyst in 
xylene was added throng a septlUL tcj| ojf thi jreactor. The nitrogen flow was 
limited to iml/min. The reaction Os m^tjaW| at 40*C for 2 hours, and then 
increased up to 4S°C in a time sp^|f 3 tfnik #th retatroductton of 0.12 g catalyst 
after 3 hours and 4 hours of reactiU AftJ- ^ho|rs, 1.2 g of sodium metabisulflte in 3 
g water was added and the reacW W^&rejks increased to 55 °C for 1 hour. 



The resulting emulsion was free di 
coagulum content and had an 



s5ic< 



ss then 100 ppm), showed no 
iktvjSv) of lldl/L (See table 9), 
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Examples 38- 46 
Hie same procedure of 
acrylamide and monomers BD! 
containing 40% active material 
TerpoJymexs were also prepared in 
MAPTAC CROhmJ (methacrylamidt 
(acryloyloxy) ethyltrimethyl&mmoni 




10 Table 9 




N° 



37 



38 



39 



40 



41 



42 



43 



44 



45 



46 



CatLonic 
monomer 



BDMAPMA-2MeCl 



BDMAFMA.2MeCl 



BDMAFMA.2MeCl 



BDMAFMA.2MeCl 



BDMAPA-2MeCl 



BDMAPA.2MeCl 



BDMAPA.2MeCl 



BDMAPA.2MeCl 



BDMAPA.2MeCl 
MAPTAC 



BDMAPA.2MeCl 
AOETAC 



25 



10 



40 



10 



25 



50 



isuspensii 



nd = not determined 
The polymer obtained in Exampl 
standard test -with a kaolin 
polymers Alplnefloc™ El+( - 50 
The turbidity of the filtrate was : 
The results obtained at pH 7.02 
and 2- In these figures, the result! 
labelled ♦ : the results obtained 
These results show that better p 
Example 37 -with respect to the 
. filtrate than with commercial po! 
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fc flowed with varying amounts of 
or B D)MAFA.2MeCl to obtain emulsions 
re presented in Table 9. 
_ _ 45 a id 46 In the same way by using 
ritriJu^h^ and AOETAC (2- 

ikMoildi:, M fcsui Chemicals) as comonomers. 



Prljpuct 
jsily 




Cationlc 
monomer in 
polymer 
% 



23.2 



4.8 



9.4 



35.7 



4.8 



9.4 



23.1 



45.0 



nd 



nd 



flocculation properties in a 
A compared to commercial cationlc 
er). 

ction of the polymer concentration, 
jtively, are represented in Figures 1 

ie polymer of Example 37 are 
E1+ are labelled 
obtained with the polymer of 
cdndentj|ation and the transparency of the 
more cationic monomers. 



FmD-f.nr !fWI P VOl 



-05/09 '0 3 09:36 FA S 32 2 5599409 



IPD 



10 



15 




OEB MUNCHEN 



lg)028 



late dd-ammonium salt of formula 



wherein R 1 represents hydra 
an alkyi comprising from i to j 
represents an alkyl or an dral 
anion, comprising 
(1) the reaction of the di-s 



H 2 C 



each R 2 , independently, represents 
, each R 3 , Independently. 
, independently, represents an 



of formula 01) 



with at least 2 equivalents 
R^X in an organic solvent 
the compound of formula 
solvent and wherein the solu 
ammonium salt of formula 



_ , _ or aralkyl derivative of formula 
list 6000 ppm of water and wherein 
at 25 °C of less than 1 g/100 g of 
tding amino-(meth) aciylate 
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2. 
3. 



15 5. 



6. 



has a solubility at 25 °C of 
(2) the separation of compt 
dissolving it In water. 

Process according to claim 



Process according to claim ! 
temperature of 40 to 100 °C 
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3gof solvent ; and 
firom the reaction mixture without 



thejiblvent is acetonitrile. 

effectuated at a 



Process according to any of 
taeth] aciylat e di« 
done by filtration. 

Process according any of 
after step (2) is recycled. 

Process according to any of 
of formula QI) used in step 
amino-2- pr o p anol of ft 



to 3, Ijivherein the separation of the 

CO firom the reaction mixture is 



wherein the reaction mixture obtained 



the dl-amlno (meth) acrylate 
transestetURcation of a 1.3-di- 



wherein each R 2 , idependi 
carbon atoms, with a (mefch 



entsllan alkyl comprising from 1 to 4 
diFfoJiula(IV) 
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wherein R 4 represents an 
presence of a lithium- 



Process according claim 6. wh< rein 



UOCH3, UOH and their 3 



8. Process according to claim e|o^ 
temperature not exceeding 




■from 1 to 4 carbon atoms, in the 



( 



re lithium catalyst is chosen from U2O, 
i \\ ■ 

.ereta the 



10 



9„ Process according to any of 

10. Process according to any of |& 

J 5 11. Process according to any of 
12. Process according to any of 



7, whereto 

V \ 



le transesterification is done at a 



pre : KflngJ aaims, wherein R 1 is methyl. 

'•-•IT 

precedingKaims. wherein R 2 is methyL 
; icLing! i laims, 



l€: pre 



20 



13. Process according to any of j 

14. Process according to any of 



1 5. (Meth)acrylate di-ammoniur j q alt a I 
process of any of claims 1 tc 



25 



30 



16. (MethJacrylate di-arrunonium s alt 
process of any of claims 1 ta lit 
the amount of {meth)acrylafe <3 1- 
corresponding amino* 

17. use of the (methjacrylatedl 
manufacture of a polymer c< 



.1 1 « 



, wherein R 3 is methyl. 



'wherein R 3 is benzyl- 



h tJo« 1^1 (wherein R 4 is methyl. 

1, wherein X is Ci- 



Formlia DO obtainable according to the 
lk bliUffi triiyolldform. 



L Q) obtainable according to the 
; less than 10 mole % relative to 

1 salt of formula IJJ of the 
lum salt of formula PO. 
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iomium saic according to claim IS or 16 for the 
Is^lesJIihan 10 mole % of units derived 

it 
1 ii 
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from an amino [rocth)aciy] 

18, • Polymer obtained from a i 
moles, 

(a] from 1 to 100 parts by mfi 
salt of formula (I) according 

(b) from 0 to 99 part9 by mo j 

iyi) 



k*7 



amount 
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,um Walt of formula (V). 
tjompofetlon comprising, per 100 parts by 

one (meth}acrylate di-ammonium 

L6. 

acxylamlde monomer of formula 



(VI) 

wherein R 5 is hydrogen or i 
alkyi comprising from 1 to €j|| 
more hydroxy or alkosy groi Ms. 
and less than 10 mole % reljaicve tcj 
salt of formula Q). of amine 

19. Use of a polymer according 



are, independently, hydrogen, 
optionally substituted by one or 



of (methjacrylate di-ammonium 
ammonium salt of formula (V). 

locculant. 
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Abstract 

The invention relates to the 
responding to formula 0) 



10 



wherein R* represents hydrogen 
alkyl comprising from 1 to 4 carboi||att 
allsyl or an araUsyl and each X" , Ii 
having a high purity and their use 
as cationic fiocculants in -water 
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sthjaerylate di-axnmonium salts 



independently, represents an 

independently, represents an 

an anion; 
i synthesis of polymers useful 
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